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Rocket and Satellite Studies of the 
X-Ray Emission from the Quiescent Sun1 
P. R. SENGUPTA2 
Abstract. Quiescent sun x-ray measurements made by different 
workers during the past 19 years have been studied. Analysis of the 
data available up to April, 1967, confirms the conclusion that the 
quiescent sun x-ray emission is thermal in nature and is closely 
related to the solar activity level. The spectrum below 18 A is 
mainly continuous and is primarily due to recombination emission. 
Bremsstrahlung becomes important at high temperatures. The 18 
- 100 A flux is primarily due to line emission and is emitted mainly 
by the undisturbed coronal regions. Below 20 A the emission is 
primarily from the active - hotter and denser - coronal regions. 
In this spectral region the flux varies within wide limits, depending 
on the number, dimensions, density and temperature of the active 
regions. Preferred regions of x-ray emission lie above strong calcium 
plages in the chromosphere and coincide with regions of enhanced 
centimeter radio emission. Seventy-five percent of the total x-ray 
flux comes from these regions. The existing theory is capable of 
predicting x-ray flux within a factor of 2 or 3, using solar radio 
spectro-heliograms in the centimeter range. 
The study of the x-ray emission of the sun is an important part of 
space science research. It is now known that solar x rays are gener-
ated in the solar corona and carry important information about the 
composition, structure, and state of the corona, and about the physical 
processes which oc.cur in it. Study of this radiation is, therefore, of 
great importance in solar physics. Moreover, this radiation is partly 
responsible for the formation of the ionosphere and is presumably pri-
marily responsible for the S.I.D.s (Sudden Ionospheric Disturbances); 
as such it forms an important part of solar terr.estial relations. Solar 
x-ray study is also vey important to space material technology for the 
effect the x rays produce on the surface properties of the materials 
used in rockets and satellites. Hence, it is important to know the 
intensity of x rays outside the earth's atmosphere. 
Electromagnetic radiation of wavelength shorter than 2900 A is 
wholly absorbed by the earth's atmosphere above 40 km altitude and 
can be directly investigated only with the help of high altitude rockets 
and artificial earth satellites. The first experimental study of solar 
x rays was made by Burnight (1949) and Tousey et al. (1951) with 
the aid of V2 rockets. Friedman et al. began their experimental studies 
in 1949. The first theoretical calculation of the solar x-ray flux was 
performed by Sklovskij (1949). This was followed by many experi-
ments and calculations carried out by different group of workers in 
various countries. 
1This work was supported in part by the National Aeronautics and Space Ad-
ministration under Contract No. NAS5-9076. 
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The x-ray spectrnm of the quiescent sun extends from a few ang-
stroms in the shortwave side to ultraviolet radiation in the longwave 
side. Emission from the disturbed sun extends up to photons of energy 
greater than 200 keV during strong flares. The upper energy limit of 
the solar flare photon is not yet fully established. X-ray emission from 
the quiescent sun will be considered in the present paper. 
EXPERIMENTAL STUDY 
X-Ray Detectors. X-ray flux is measured by photon counters or 
ionization chambers with windows made of thin filtering films of 
beryllium, mica, aluminum, or organic materials like mylar. Measure-
ments are made largely in the spectral regions 2 - 8 A, 8 - 20 A, 
and 44 - 60 A. The choice of these wavelength ranges is imposed by 
instrumental considerations like the filtering properties of the thin 
window films used and the efficiency of the counters in the different 
wavelength regions. 
Table 1 gives a description of the detectors used in Na val Research 
Laboratory rockets. 2 - 20 keV and 20 - 200 keV detectors were 
used for flare x-ray measurement. Figure 1 shows the typical spectral 
sensitivity range of the 8 - 10 A detector while Figure 2 shows the 
spectral sensitivity of the 2 - 8 A detector used in N.R.L. rocket 
experiments. 
Table 1 
Description of the Detectors Used in N.R.L. Rocket Experiments 
Spectral Type of Gas or Type of 
Region Detector Window Crystal Output 
2-20 keV Propmtional Beryllium Ne+ C02 Pulses Amplitude 
counter 24.4 mg/cm2 Preserved 
20-200 keV Scintilla ti on Beryllium Na I -Do-
counter 156 mg/cm2 + 
Aluminum 
2-8 A Geiger counter Beryllium Ne+ Counting 
24.4 mg/cm2 Ethyl Formate rate meter 
8-20 A -Do- Aluminum -Do- -Do-
1.534 mg/cm2 
44-60 A Ion Chamber Mylar Nitrogen Current 
.841 mg/cm2 
As the spectral bandwidth of the detector is broad, it is necessary 
to assume a spectral energy distribution for converting the detector 
signal to the energy recorded in a given spectral region. N.R.L. group 
of workers assumed that the energy distribution in the solar spectrum 
is that of a grey body, i.e., 
c 1 
l(v) = -3 X -h '11,--
v e v/ <::. g_l 
Three different values of Tg have to be used for interpreting data in 
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N.R.L. SOLAR RADIATION SATILLITE 
FALL-1963 E~PT. 
DETECTOR 8- 16 A 
WINDOW - ALLUMIMUM 
GAS - NITROGEN 




Figure 1. N.R.L. Solar radiation satellite, Fall-1963 experiment, 8-16 A detector 















N.R. L. SOLAR RADIATION SATILLITE 
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Figure 2. N.R.L. Solar radiation satellite, Fall-1963 experiment, 2-8 A detector 
efficiency. (After Kreplin.) 
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-Table 2 <Q °' 
X-Ray Flux from the Quiet Sun Recorded in Rocket Experiments Extrapolated to the Boundary of the Earth's Atmosphere 
~
Region I ______ Reg_0n_!!__ ___ Region III 
Spectral Spectral Spectral 
Expt. Region Energy Region Encrg:y Region Energy 
No. Date A erg/cm2 sec A crg .. /cm2 sec A erg/cm2 sec Reference and Notes 
~-· ------------ ------
Sept. 29, 1949 2-8 1.5 x 10-3 Bryam ct al. (1956) 
Kreplin (1961); 2;/, hrs. following class ~ 
1 flare ~ 
2 May 1, 1952 2-8 1.7 x 10-3 " Tg = 2 X 106° > 
3 May 5, 1952 2-8 <Sx10-4 " ti.\ = 2-8 & 8-20 A ><: 
4 Nov. 15, 1953 2-8 <7X10-G 8-20 < 1.5 x 10-3 44-100 6.4 x 10-2 " Tg = 0.5 x lQ6° "'1 
5 ~ov. 25, 1953 2-8 3 X 10-G 8-20 1.3 x 10-:J " ti'- = 44-100 A ~ 0 
6 Dec. 1, 1953 8-20 0.39 x 10-3 44-60 2.3 x 10-2 " a= 
44-100 5.3 x 10-2 " iO 
7 Oct. 18, 1955 8-20 1.5 x 10-:1 c 
8 Dec. 21, 1959 2-10 7.3 x 10-1 Mandel 'stam et al. (1961a) ...... i:'l 
morning (2-8) (3.6 x 10-•) Te= 4.5 X 106° [fl 
9 Dec. 21, 1959 2-10 3.2 x 10-4 " n i:'l 
evening (2-8) (1.6 x 10-4 ) z 
10 Aug. 7, 1959 2-8 1.0 x 10-:J 8-20 2.3 x 10-2 Chubb et al. (1960); sub-flare ...., 
11 Aug. 14, 1959 2-8 1.0 x 10-3 8-20 2 .3 x 10-2 44-60 8.5 x 10-2 " [fl 
'"" 12 Aug. 29, 1959 2-8 3.3 x 10-:l 44-60 1.7 x 10-2 '.,-'. 
13 Sept. 17, 1959 8-L' 1.1 x 10-2 Pound0, & Sanford (1963) 
Tg = 1.7 X 10G 0 
14 Nov. 23, 1960 8-15 2 .7 x 10-2 " Tg = 1.7-2.1 X 106° 
15 Sept. 27, 1961 2-8 1.5 x 10-3 8-14 2.2 x 10-2 " Tg = 3 X 1Q6 for .1.X = 2-8 A 
16 Oct. 24, 1961 8-15 1-1.5 x 10-2 " Tg = 1.2-2 X 106° for .1.X = 8-14 A 
17 Oct. 18, 1962 2-10 1.7 x 10-4 8-18 1.4 x 10-2 Tindo & Surygin (1965) 
18 1963-64 <S 5 x 10-5 8-12 2 x 10-4 44-60 1.3 x 10-2 Pounds ( 1965) 
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the three spectral bands. These values are Tg = 0.5 X lQ6°K for 
44 - 60 A, Tg = 1.5 X 106 to 2 X 106 °K for 8 - 20 A, and 
Ti; = 2 X 106 to 2.5 X lQ6°K for 0 - 8 A. These assumptions 
obtain support from the existing theoretical models of solar x-ray 
emission. 
Rocket Experiments. Experiments were carried out in the early 
fifties with the aid of high altitude rockets. Rocket measurements 
give the x-ray flux during the short time spent by detectors outside 
the earth's atmosphere and also give the instantaneous flux corres-
ponding to solar conditions at that time. 
Table 2 gives a summary of results of American, British, and Soviet 
rocket measurements of the quiescent sun x-ray flux during the period 
1949 to 1962, i.e., for a period greater than one solar cycle. 
From the table it is seen that the quiescent sun x-ray flux extra-
polated to the boundary of the earth's atmosphere varied during one 
solar cycle from minimum to maximum. In detail, 
1. = 10-6 to = 10-3 erg/cm2 sec, i.e., by a factor of 1000 in the 
wavelength range 0 - 10 A. 
2. = 10-4 to 10-2 erg/cm2 sec, i.e., by a factor of 100 in the 
wavelength range 10 - 20 A. 
3. 1.3 X 10- 2 to 8.5 X 10-2 erg/cm2 sec, i.e., by a factor of 7 
in the wavelength range 44 - 60 A. 
The table shows that there is a good correlation between x-ray flux 
and the eleven-year cycle of solar activity. According to Friedman, 
solar flux increased by factors of 600 - 1000, 60 and 7 in the 2 - 8, 
8 - 20, and 44 - 60 A ranges, respectively, between the 1953 mini-
mum and the 1958 maximum. His figures are in agreement with the 
figures obtained from Table 2. 
Satellite Experiments. Satellite measurements are more useful than 
rocket measurements because they cover extended periods of time and 
provide information about the dynamic changes in the x-ray intensity, 
the correlation between variations in the intensity and changes in solar 
activity, and hence the x-ray flux characteristic for a mean solar 
activity level over a given time, say a day, a month, or a year. Further, 
they can record faithfully the complete time profile of a solar disturb-
ance such as a solar flare. 
Data available to this date are from American satellites: N.R.L. 
SR-1, N.R.L. SR-3, Injun I (U. I. experiment), Injun III (U. I. 
experiment), N.R.L. SR-4 (1964-0lD), OSO-I, VELA I, VELA II, 
OSO-II, OSO-III, N.R.L. 1965-16D, Explorer 30 (N.R.L. SR-8), 
Explorer 33 (U. I. experiment), Explorer 35 (U. I. experiment), and 
Mariner V (U. I. experiment); British satellite: Ariel I; and Russian 
satellites: Spaceship 2, Spaceship 3, Electron 2, and Electron 4. 
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Figure 3. Observed solar x-ray spectral energy distribution on 2 May 1962 mea-
sured by Ariel I satellite. 
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The British satellite Ariel I detector included a spectrum analyzer 
in 5 - 14 A 0 band. A typical spectral energy distribution of the 
quiescent sun obtained from Ariel I is shown in Figure 3. This dis-
tribution cannot be represented by a grey body distribution with a 
single temperature. Different parts of this spectral region correspond 
to Tg = 1.8 X l06 °K, 1.6 X l06 °K, 1.45 X 106 °K, and 1.3 X 
106 °K for 7 - 9, 9 - 11, 11 - 13, and 13 - 15 A, respectively. 
The U. I. detectors on Explorer 33 comprise three EON 6213 mica-
windowed geiger counters GMI, GM2, and GM3. Figure 4 shows the 
arrangement of these detectors on Explorer 33. GMl has a fan-shaped 
aperture and its axis is orthogonal to the spin axis. GM2 has a con-
ical aperture of 20° half-angle and its axis is parallel to the spin 
axis of the satellite. GM3, which is identical to GM2, has its axis 
antiparallel to the spin axis. The three counters face the sun one after 
GGB-115 
ARRANGEMENT OF DETECTORS ON EXPLORER-33 
y 
x 
Figure 4. Arrangement of detectors on Explorer 33. 
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another in the course of a year with a 19-day interval when no counter 
sees the sun. The angle between the sun and the detector axis varies 
continuously and can be calculated knowing the position of the satellite. 
A .correction in the signal due to aspect angle is available for each 
detector. The time resolution of the telemetered signal is 81 seconds 
and the telemetry is independent of spin period. The counters record 
charged particles in addition to x rays. The particle flux is subtracted 
from the total signal to obtain the x-ray flux (Van Allen, 1967). 
G67-533-1 
1.0 












0.001 '----'--'-~'---'--'---'~'---'--'---'~-'---'---'-~'---' 0 
0 5 10 15 A 
Figure 5. Absolute photo efficiency of Explorer 33 x-ray detector. 
Figure 5 shows the photon efficiency of these detectors. Figure 6 
shows the 2 - 12 A flux recorded by the "G. I. detector on Explorer 
33 on 21 August 1966. This was a quiet day. Figure 7 shows the 
recorded flux on 3 August 1966. This was a disturbed day. 
The following conclusions can be drawn from the satellite measure-
ments during the past nine years: ( 1) The 20 - 100 A flux remains 
8











IOWA ACADEMY OF SCIENCE 
2- 12 A FLUX RECORDED 
ON AUGUST 21.1966 BY 
U.I. DETECTOR ON EXPLORER-33 
[Vol. 75 
.1'-='~--'co-+oc='--'=~c'--'-7=~~~~~~='-~"=-="---'='=7-'--=! 
U. l 0100 0400 0700 1000 1300 1600 1900 22 01  HRS 
AUGUST 
21.1962 
AUGUST 22. 1966 









u .. ··.··. 
2-12 A FLUX RECORDED ON AUGUST 3, 1966 
BY U.I. DETECTOR ON EXPLORER-33. 
G68-I 18 
... 
: ·. ............... .. 
.,. ........... · .... , ........ ··· .... . 
··~ •... ~ 
····. .................. , ............ · .... : ···· ..... · ···· .. ·· ... : 
QUIET DAY LEVEL 
10 
UT 0600 0800 1000 1200 1400 1600 1800 HRS. 
AUGUST 3, 1966 
Figure 7. 2-12 A flux recorded on 3 August 1966 by U.I. detector on Explorer 33. 
practically constant over time intervals of the order of 24 hours. 
(2) The 0 - 10 A x-ray flux shows variations over periods of less 
than 24 hours. ( 3) Over longer periods of time, the intensity below 
20 A is subject to considerable variations. Below 10 A the inten-
sity may vary by a factor of 20 to 200 over a period of a few weeks, 
while in the 10 - 20 A range, it may change by an order of mag-
nitude; the 44 - 60 A flux is much more steady. It does not change 
9
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by a factor of more than 2 - 3. ( 4) For still longer periods of time, 
between 1959 and 1964, i.e., the period covering conditions approach-
ing both maximum and minimum solar activity, the intensity of radi-
ation from the quiescent sun lies within the following limits: 
,\ < 8 A= 5 X 10-6 to= 10- 3 - 1.5 X 10-3 erg/cm2 sec 
,\ < 10 A = 10-5 to = 2 X 10-3 - 5 X 10-3 erg/cm2 sec 
10 - 20 A = 10-4 to = 10-2 - 6 X 10-2 erg/cm2 sec 
44 - 60 A = 5 X 10-2 to = 4 X 10-1 erg/cm2 sec. 
These data are in agreement with rocket data. (5) Variations in the 
x-ray intensity of the quiescent sun are closely assoC:ated with centi-
meter wave solar radio emission. The 0 - 20 A flux is seen to be 
fairly well correlated with centimeter wave radio emiss:on, but the 
correlation is not complete; the amplitude of the 0 - 20 A flux 
variation is much higher than that of centimeter radio flux variation. 
( 6) The 0 - 20 A x-ray flux variation is closely associated with 
relative sunspot numbers. The association is poorer with the 20 -
100 A flux. A fairly good correlation exists between the E layer 
index and the 30 - 100 A solar x-ray flux (Sengupta, 1968). 
THEORY OF X-RAY EMISSION AND COMPARISON 
WITH EXPERIMENTAL OBSERVATIONS 
There are three components of the coronal radiation: 
( 1) Free-free transitions of electrons in the field of positive ions. 
This phenomenon is also called bremsstrahlung. A thermal brems-
strahlung is due to electrons having thermal (Maxwellian) distribu-
tion. 
( 2) A free-bound component of the continuum clue to recombina-
tion of electrons with the heavy ions of the coronal plasma. 
( 3) Line emission particularly in the region 40 - 100 A. Some 
of the emission lines are clue to de-excitation of an upper level by 
recombination; the greater part, however, is the result of direct ex-
citation by electron impacts. 
The first two components give the continuum radiation. 
Assuming that x-ray emission of the quiescent sun is of thermal 
origin, the intensity of bremsstrahlung emitted per unit volume in a 
frequency range dv can be approximately taken to be (Elwert, 1954) 
Jffdv = ::S ::$ Nz, 1 Ne C zi2 (iXTR )11:! exp ( kThu) du 
· z 1 . c e. e 
(1) 
where C = = 1.7 X 10-40 erg/,crn3, z is the atomic number of the 
element, N •. 1 is the number of ions with atomic number z, whose 
degree of ionization is i, x z, 1 is the ionization potential of this ion 
10
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in the ground state, x R is the ionization potential of Hydrogen, 
h is Planck's constant, and K is Boltzman's constant. The double 
summation extends over all ions of all elements. For the recombina-
tion radiation we have 
Jf'g dv = ::S ::S Nz, i Ne C ( XH )% (Xz .. i ) 2 
z 1 kTe YH 
X Cz, i (Xz. i -hu) d -~exp ---- v 
m0 kTe 
(2) 
where C •. i is the number of electrons in the outer shell of the given 
ion, m0 is the principal quantum number of the ground state, and YH is 
emission measure for Hydrogen. The double summation extends over 
all ions of all elements whose ionization limit is v,, i ~ v. 
For the line emission corresponding to optical electron transitions, 
we have 
JL = ::S ::S Nz, i Ne hvz, i <er v> 
z i 
(3) 
where <er v > is the cross-section for the excitation of the upper level 
of the given line averaged over Maxwellian distribution. This cross-
section is given by the approximate formula (Allen, 1963) 
<er v> = 17 X 10-4 _f_ l0-5040w/Te p (3!__) 
TeV2w kTe 
(4) 
where f is the oscillator strength of the line, w is the excitation energy 
in electron volts, and P ( w /kTe) is a tabulated correction factor. 
Comparison with the cross-section calculated on the Born-Coulomb ap-
proximation has shown that errors introduced by using Equation ( 4) 
are not substantial. 
Table 3 shows computed energy distribution between 2 and 20 A 
for Te = 2 X 1Q6°K. Table 4 shows computed energy distribution 
between 20 and 100 A for T. = 1 X 1060K. Table 5 shows the 
relative contribution of the various processes to x-ray intensity in 
2 - 20 A region. 
It is evident from the tables that line emission becomes important 
above 25 A and contributes about 70 percent of the total emission 
while below 20 A continuum emission is more important. At higher 
temperatures, free-free emission dominates over other emissions. 
Table 4 shows the principal lines observed below 25 A with their 
identification and intensity. Measurements wer.e made by N.R.L. 
group of workers with high resolution spectrometers. 
11
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Table 3 
Energy Distribution Between 2 and 20 A 
(El\ is in erg/cm2 sec) 
-----
T=2 x 106 OK 
_ _A(A) EH Er" EL 
2 x 10-16 1.6 x 10-15 
.3 7 .1 x 10-12 1.14 x 10-10 
4 1.78 x 10-0 2.86 x 10-s 2.25 x 1cr11 
5 3.16 x 10-s 5.08 x 10-7 1.14 X 10-s 
6 2.1 x 10-1 3.37 X 10-G 2.68 x 10-13 
7 1 x 10-6 1.60 x 10-5 4.79 x 10-7 
8 2.5 x 10-6 3.99 x 10-5 3.1 x 1cr1 
9 5 x 10-6 7.97 x 10-5 7.o5 x 1cr6 
10 1 x 10-5 1.59 x 10-4 2.88 x 10-0 
11 1.26 x 10-5 1.94 x 10-4 
12 1.78 x 10-5 2.74 x 10-4 2.02 x 10-5 
13 2.82 x 10-5 4.35 x 10-4 
14 3.55 x 10-5 5.47 x 10-4 2.47 x 10-4 
15 4.4 7 x 10-5 4.43 x 10-4 1.50 x 10-3 
16 5.62 x 10-5 5.59 x 10-4 1.08 x 10-3 
17 7 .1 x 10-5 7.04 x 10-4 3.08 x 10-4 
18 7.94 x 10-5 3.23 x 10-4 4.0 x 10-4 
19 8.91 x 10-5 2.86 x 10-4 9.28 x 10-3 





1.70 x 10-15 
1.21 x 10-10 
3.04 x 10-s 
5.51 x 10-7 
3.58 X I0-6 
1.75 x 10-5 
4.27 x 10-5 
9.17 x 10-5 
1.72 x 10-4 
2.07 x 10-4 
3.12 x 10-4 
4.63 x 10-4 
8.29 x 10-4 
1.99 x 10-3 
1.70 x 10-3 
1.08 x 10-:1 
8.02 x 10-4 
9.65 x 10-3 
4.87 x 10-4 
These measurements show a good agreement between experimental 
observations and theoretical computations. The observed variation of 
the 20 - 100 A flux during the solar cycle is in good agreement 
with theoretical computations. Agreement in the 2 - 20 A region 
also becomes good if it is realized that x rays in this wavelength 
region are emitted primarily by the hot coronal condensation regions. 
This conclusion has been borne out by x-ray photography of the sun 
and from the measurements during solar eclipse. 
Figure 8 shows the x-ray spectral energy distribution from the 
quiescent sun from July, 1959, to March, 1964, calculated from the 
rocket and satellite data. This is a summary of the observed data and 
shows how variation of flux from solar minima to solar maxima depends 
upon wavelength. 
CONCLUSION 
A substantial volume of experimental and theorietical data on solar 
:x rays is available today, from which it is possible to say: 
1. X-ray emission of the quiescent sun is thermal in nature and 
extends up to a few angstrom5 in the short-wave end. 
2. The 0 - 18 A spectrum is mainly continuous and is due to 
recombination emission by the ions of carbon, nitrogen, oxygen, and 
other elements in the corona. Bremsstrahltmg becomes important at 
higher temperatures. 
3. The 18 - 100 A flux is mainly due to line emission. Continu-
ous bremsstrahlung and recombination emission resulting from the 
12
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t.(A) Ett 
100 9.5 x 10-5 




85 2.09 x 10-4 
80 2.14 x 10-4 
75 2.14 x 10-4 
70 2.14 x 10-4 




55 1.88 x 10-4 
50 1.81 x 10-4 
45 1.58 x 10-4 
40 1.41 x 10-4 
35 1.1 x 10-4 
30 7.75 x 10-5 
25 4.90 x 10-5 
20 7.05 x 10-6 
~ 
20-
2.67 x 10-3 
100 
Table 4 
Spectral Energy Distribution Between 20 and 100 A 
(E,\ in erg/cm2 sec per 5-A interval) 
Te= 1.106 °K 
Er.'t, He Ersheavy Er.:i: 
1.97 x 10-4 - 2.92 x 10-4 
4.10 x 10-4 6.05 x 10-4 
4.23 x 10-4 4.70 x 10-5 6.75 x 10-4 
4.35 x 10-4 4.80 x 10-5 6.90 x 10-4 
4.45 x 10-4 4.93 x 10-5 7.05 x 10-4 
4.45 x 10-4 4.93 x 10-5 7.05 x 10-4 
4.45 x 10-4 4.93 x lQ-5 7.05 x 10-4 
4.35 x 10-4 4.80 x 10-5 6.90 x 10-4 
4.25 x 10-4 5.30 x 10-5 6.80 x 10-4 
3.91 x 10-4 4.90 x 10-5 6.25 x 10-4 
3.78 x 10-4 9.25 x 10-5 6.50 x 10-4 
3.28 x 10-4 8.05 x 10-5 5.65 x 10-4 
2.93 x 10-4 9.25 x 10-5 5.25 x 10-4 
2.30 x 10-4 1.51 x 10-4 4.91 x 10-4 
1.61 x 10-4 4.36 x 10-4 6.76 x 10-4 
1.02 x 10-4 7.35 x 10-4 8.86 x 10-4 
1.47 x 10-5 1.17 x 10-4 1.39 x 10-4 
5.54 x 10-3 2.09 x 10-3 1.03 x 10-2 
EL 
-
1.03 X 10-G 
0.80 x 10-5 
8.3 x 10-4 
0.57 x 10-4 
0.20 x 10-4 
1.83 x 10-4 
5.0 )( lQ-4 
2.17 x 10-3 
2.79 x 10-3 
3.13 x 10-3 
1.96 x 10-3 
1.44 x 10-2 
3.90 x 10-3 
1.32 x 10-3 
0.18 x 10-4 
2.10 x 10-3 
3.34 x 10-2 
E,\ 
2.92 x 10-4 
6.05 x 10-4 
6.83 x 10-4 
1.52 x 10-3 
7.62 x 10-4 
7.25 x 10-4 
8.88 x lQ-4 
1.19 x 10-3 
2.85 x 10-3 
3.41 x 10-3 
3.78 x io-3 
2.52 x 10-3 
1.49 x 10-2 
4.39 x 10-3 
2.0 x 10-3 
9.04 x 10-4 
2.24 x 10-3 
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Table 5 
Relative Contribution of Various Processes to X-Ray Intensity 
(flux in erg/cm2 sec) 
Element Type of Temperature, Te 
(ions) Emission 1 x 106 °K 2 x 10G °K 3 x 10G °K 
C, N, 0, Mg I Line 
5.6 x 10-9 1.1 x 10-5 1.40 x 10-4 
Si, S, Fe, Ne t free-free 3.s x w--10 4.1 x 10-1 6.1 x 10-6 free-bound 2.1 x 10-7 1.95 x 10--4 1.70 x 10-3 
H,He {free-free 
1.2 X 10-s 1.3 x 10-5 2 x 10-4 
free-bound 1.7 X 10-s 1.1 x 10-5 0.96 x 10-4 
Total 
Emission: 2.5 x 10-7 2.4 x w--4 2.1 x 10-3 
C, N,O, Mg {Line 
1.2 x l()-4 1.30 x 10-2 3.10 x 10-2 
Si, S, Fe, Ne free-free 
2.6 x 10-7 1.5 x 10-5 5.3 x w--5 
free-bound 1.7 x 10-4 3.8 x 10-3 8.2 x 10-3 
H,He {free-free 
8.2 X 10-G 4.5 x 10-4 2.0 x 10-3 
free-bound 1.77 X 10-G 4.0 x 10-4 1.0 x 10-3 
Total 
Emission: 3.1 x 10-4 1.80 x 10-2 4.20 x 10-2 
G68-120 
X-RAY SPECTRAL ENERGY DISTRIBUTION FOR QUIESCENT 
102 SUN JULY 1959 TO MARCH 1964 
.-< 
H 
0 2 4 6 8 
5 
EXPLORER 30 SATELLITE 
JAN.1,1967 Te= 2X106 °K 
ARIEL SATELLITE ON 
MAY 3,1962 
N.R.L. ROCKET N.N. 8-69 CF 
ON AUG.141959 Te=2XI06 °K 
@ U.S.S.R. GEOPHYS ROCKET 
JULY 21, 1959 
@ SKYLARK SL 40 ON 
SEP. 27,1961 
@ OSO II MARCH 1964 
10 12 
0 
14 16 18 20 
>-.-- A 
Figure 8. Quiescent sun x-ray spectral energy distributions from measurements 
made during the period July 1959 to March 1964. (Sunspot maximum 
to sunspot minimum.) 
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Table 6 
Lines in the Coronal Spectrum Between 13 and 25 A 
---------- - -- ·---· 
Measured Lab. or Intensity 
Wavelength Calculated Photons/cm2 
A Wavele:igth ___ sec X 104 Ion Transition 
13.7 13.820 2 .1 Fe XVII 2p 1So-3p' 1 P1 
15.0 15.012 16.3 Fe XVII 2p 1So-3d ap1 
15.25 15 .261 10.1 Fe XVII 2p 1So-3d 1p1 
16.0 16.006 5.0 0 VII ls 2S'!.!-3P 2P;u,, ¥i 
16.72 16. 774 15 .1 Fe XVII 2p 1So-3s 1 P1 
17.01 } 
17.05 17.051 20.l Fe XVII 
2p 1So-3s 3P1 
17 .65 } 
17.72 17 .768 22.6 
0 VII ls lSo-ls 4p lp1 
18.54} 
18.61 
18.627 32.2 0 VII ls2 lSo-ls 3p lpl 
18.8 } 
18.9 
18.969 36.0 0 VIII ls S%-2P 2P%. 1h 
20.8 20.910 - N VII ls2 1Sy2 -3p 2P%, 1;, 
21.55 21.602 374.0 0 VII ls2 lSo-ls 2p 1 P1 
21.70 21.804 169.0 0 VII ls2 lSo-ls 2p 3p1 
23.2 - 56.5 - -
24.8 24.781 50.9 N VII ls 2S1;,-2p 2P%, 112 
Notes 





Doubled owing to the deflection of the 
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interaction of coronal electrons with Hydrogen and Helium ions are 
important in the continuum emission. 
4. X-ray emission, like radio emission, can be divided into a quasi-
stable component emitted by undisturbed coronal regions and slowly 
varying component emitted by active - hotter and denser-:- coronal 
regions. Below 20 A, the contribution due to the quasi-stable com-
ponent is very small, and the flux is mainly determined by the slowly 
varying component, i.e., by the coronal condensations. The flux may 
vary within wide limits, depending on the number, dimensions, -den-
sity, and temperature of the active regions. The 2 - 8 A flux varies 
by a factor of = 103 from solar minima to solar maxima, while the 
8 - 20 A flux varies by a factor of = 102 , and the 20 100 A 
flux varies by a factor of = 10 during the same period. 
5. According to x-ray measurements, the temperatures of active 
coronal regions may reach 2 X lQ6 - 3 X lQ6°K, while the tem-
perature of the undisturbed corona lies between 1.0 X lQ6 and 1.3 X 
lQ6°K. The electron densities in active regions are 5 to 10 times 
higher than electron densities in the undisturbed regions. 
6. Preferred regions of generation of x rays lie above strong calcium 
plages in the chromosphere and coincide with regions of enhanced centi-
meter and decimeter radio emission. These regions of increased heat-
ing appear to penetrate the entire atmosphere above the photosphere, 
right up to the corona, and may persist for a considerable time (of the 
order of a few solar days). 
7. Existing theory is capable of predicting the x-ray flux to within 
a factor of 2 or 3, using solar radio spectro-heliograms in the centimeter 
range. This opens up important possibilities for short period fore-
casting of x-ray emission by the quiescent sun. 
It may be concluded that the leading features of x-ray emission by 
the quiescent sun are now adequately understood. Further accumula-
tion of experimental data, particularly in the 0 - 20 A region with 
higher spectral resolution, will afford a means for understanding the 
physics of the solor corona, particularly that of the coronal condensa-
tions and active regions. Accurate measurement of x-ray flux in this 
region with high spectral resolution will also help to test the existing 
theories of x-ray emission more critically. 
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